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GAS TURBINE ENGINE
STARTER-GENERATOR WITH INTEGRATED
LUBE OIL SCAVENGE FUNCTIONALITY

TECHNICAL FIELD

The present invention generally relates to gas turbine
engine starter-generators, and more particularly relates to a
gas turbine engine starter-generator with an integrated lube
o1l scavenge function.

BACKGROUND

(Gas turbine engines are used in myriad environments for
myriad uses. For example, many aircraft include gas turbine
engines to function as the main propulsion engines. The main
propulsion engines, in many aircraft, not only provide pro-
pulsion for the aircrait, but may also be used to drive various
other rotating components such as, for example, generators,
compressors, and pumps, to thereby supply electrical and/or
pneumatic power. However, when an aircraft 1s on the ground,
its main engines may not be operating. Moreover, in some
instances the main propulsion engines may not be capable of
supplying the power needed for propulsion as well as the
power to drive these other rotating components. Thus, many
aircraft include one or more additional gas turbine engines to
function as auxiliary power units (APUs). An APU, when
operational, supplements the main propulsion engines 1n pro-
viding electrical and/or pneumatic power.

No matter 1ts specific end-use environment or function, a
gas turbine engine may include a rotatable drive shait that 1s
connected to a gear train housed 1n a gearbox for transferring
force to and from the drive shait. The gearbox can define
various interfaces for various accessories to be mounted on
the gearbox. These accessories may include, for example, a
starter-generator, a fuel control component, and a lubrication
pump.

As with numerous other rotating machines, the starter-
generator needs to be supplied with lubrication. This can
increase lubrication pump weight and complexity, since addi-
tional scavenge elements may need to be provided in order to
scavenge lubricant from the starter-generator. This may also
require additional filtration components to filter the scav-
enged lubricant, as well as additional gearbox coring to con-
nect all of the relevant interfaces. All of these considerations
can increase overall system weight, cost, and complexity.

Hence, there 1s a need for a means to reduce overall system
weight, cost, and complexity, while providing adequate lubri-
cation and scavenging functions for a gas turbine engine
starter-generator. The present invention addresses at least this
need.

BRIEF SUMMARY

In one embodiment, a gas turbine engine starter-generator
includes a housing assembly, a motor-generator, and a lubri-
cant pump. The housing assembly includes a lubricant inlet
port for receiving a tlow of lubricant. The motor-generator 1s
disposed within the housing assembly and 1s adapted to be
coupled to an auxiliary power unit. The motor-generator 1s
configured to selectively operate 1n either a motor mode, 1n
which a portion of the motor-generator rotates 1n response to
being electrically energized, and a generator mode, 1n which
a portion of the motor-generator rotates 1n response to being
supplied with an input torque. The lubricant pump 1s disposed
within the housing assembly and includes one or more pump
inlets and one or more pump outlets. The lubricant pump 1s
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2

coupled to the motor-generator and 1s configured, upon rota-
tion thereof, to draw lubricant into the one or more pump
inlets and discharge lubricant out of the one or more pump
outlets.

In another embodiment, a system includes a gas turbine
engine, and a starter-generator. The gas turbine engine
includes a rotationally mounted drive shaft. The starter-gen-
erator 1s coupled to the gas turbine engine and includes a
housing assembly, a motor-generator, and a lubricant pump.
The housing assembly 1s coupled to the gas turbine engine
and includes a lubricant inlet port for recerving a tlow of
lubricant. The motor-generator 1s disposed within the housing
assembly and 1s coupled to the drive shaft. The motor-gen-
erator 1s configured to selectively operate in either a motor
mode, 1n which the motor-generator generates and supplies
an output torque to the drive shaft 1n response to being elec-
trically energized, and a generator mode, 1n which the motor-
generator recerves an input torque ifrom the drive shaft and
generates electrical power. The lubricant pump 1s disposed
within the housing assembly and includes one or more pump
inlets and one or more pump outlets. The lubricant pump 1s
coupled to the motor-generator and 1s configured, upon rota-
tion of the motor-generator, to draw lubricant into the one or
more pump inlets and discharge lubricant out of the one or
more pump outlets.

In yet another embodiment, a system includes a gas turbine
engine, a starter-generator, and a gearbox. The gas turbine
engine includes a rotationally mounted drive shaft. The
starter-generator 1s coupled to the gas turbine engine, and the
gearbox 1s disposed between, and 1s coupled to, the gas tur-
bine engine and the starter-generator. The starter-generator
includes a housing assembly, a motor-generator, a lubricant
pump, and a filter housing. The housing assembly 1s coupled
to the gearbox and includes a lubricant inlet port for recerving
a flow of lubricant. The motor-generator 1s disposed within
the housing assembly and 1s coupled to the drive shaift via the
gearbox. The motor-generator 1s configured to selectively
operate 1n either a motor mode, 1n which the motor-generator
generates and supplies an output torque to the drive shait 1n
response to being electrically energized, and a generator
mode, in which the motor-generator receives an input torque
from the drive shait and generates electrical power. The lubri-
cant pump 1s disposed within the housing assembly and
includes one or more pump inlets and one or more pump
outlets. The lubricant pump 1s coupled to the motor-generator
and 1s configured, upon rotation of the motor-generator, to
draw lubricant into the one or more pump inlets and discharge
lubricant out of the one or more pump outlets. The filter
housing 1s coupled to the housing assembly and includes a
filter inlet and a filter outlet. The filter inlet 1s 1n fluid com-
munication with the pump outlet to receive lubricant dis-
charged therefrom.

Furthermore, other desirable features and characteristics of
the system will become apparent from the subsequent
detailed description and the appended claims, taken in con-
junction with the accompanying drawings and the preceding
background.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described 1n con-
junction with the following drawing figures, whereimn like
numerals denote like elements, and wherein:

FIG. 1 1s a schematic diagram depicting a gas turbine
engine system including a starter-generator having an inte-
grated lubricant pump.
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DETAILED DESCRIPTION

The following detailed description 1s merely exemplary in
nature and 1s not intended to limit the invention or the appli-
cation and uses of the invention. As used herein, the word
“exemplary” means “‘serving as an example, instance, or
illustration.” Thus, any embodiment described herein as
“exemplary” 1s not necessarily to be construed as preferred or
advantageous over other embodiments. All of the embodi-
ments described herein are exemplary embodiments provided
to enable persons skilled 1n the art to make or use the mven-
tion and not to limit the scope of the mvention which 1s
defined by the claims. Furthermore, there 1s no intention to be
bound by any expressed or implied theory presented 1n the
preceding technical field, background, brief summary, or the

tollowing detailed description.

In this document, relational terms such as first and second,
and the like may be used solely to distinguish one entity or
action from another enfity or action without necessarily
requiring or implying any actual such relationship or order
between such entities or actions. Numerical ordinals such as
“first,” “second,” “third,” etc. sitmply denote difierent singles
of a plurality and do not imply any order or sequence unless
specifically defined by the claim language. The sequence of
the text 1n any of the claims does not imply that process steps
must be performed 1n a temporal or logical order according to
such sequence unless i1t 1s specifically defined by the language
of the claim. The process steps may be interchanged in any
order without departing from the scope of the invention as
long as such an interchange does not contradict the claim
language and 1s not logically nonsensical.

Furthermore, depending on the context, words such as
“connect” or “coupled to” used in describing a relationship
between different elements do not imply that a direct physical
connection must be made between these elements. For
example, two elements may be connected to each other physi-
cally, electronically, logically, or in any other manner,
through one or more additional elements.

With reference now to FIG. 1, a schematic diagram of an
exemplary aircraft gas turbine engine system 100 1s depicted,
and 1ncludes a gas turbine engine 102, a gearbox 104, and a
starter-generator 106. The gas turbine engine 102 includes a
compressor 108, a combustor 112, and a turbine 114. During
operation of the gas turbine engine 102, the compressor 108
draws 1n ambient air, compresses the ambient air, and sup-
plies the compressed air to at least the combustor 112. In some
embodiments, compressed air may also be supplied to a non-
illustrated bleed air outlet port.

The combustor 112 receives the compressed air from the
compressor 108, and also receives a flow of fuel from a
non-illustrated fuel source. The fuel and compressed air are
mixed within the combustor 112, and are 1gnited to produce
relatively high-energy combustion gas, which 1s supplied to
the turbine 114. The high-energy combustion gas expands
through the turbine 114, impinging on non-illustrated turbine
blades and causing the turbine 114 to rotate. The turbine 114
includes an output shaft 116 that drives the compressor 108,
and that 1s also coupled to the gearbox 104.

The gearbox 104 houses a gear train 118, which 1s coupled
to the output shaft 116 and to one or more accessories
mounted on or within the gearbox 104. The number and type
ol accessories may vary, and may include, for example, a
non-illustrated lubrication pump, and a non-illustrated fuel
control unit. As may be appreciated, the gear train 118, which
may be variously configured and implemented, transiers
drive torque from the drive shaft 116 to each of these acces-
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sories. The gear train 118 1s also coupled to the starter-gen-
erator 106, an embodiment of which will now be described 1in
more detail.

The starter-generator 106 includes a housing assembly
128, a motor-generator 132, and a lubricant pump 134. The
housing assembly 128 i1s coupled to the gearbox 104 and
includes a lubricant inlet port 136 for receiving a tlow of
lubricant. It will be appreciated that the lubricant may be
supplied to the starter-generator 106 from any one of numer-
ous non-illustrated lubrication sources.

The motor-generator 132 1s disposed within the housing
assembly 128 and 1s configured to selectively operate in either
a motor mode or a generator mode. In the motor mode, the
motor-generator 132 generates and supplies an output torque
to the drive shait 116 1n response to being electrically ener-
gized. In the generator mode, the motor-generator 132
receives an input torque from the drive shatt 116 and gener-
ates electrical power. To implement this functionality, the
motor-generator 132 includes a shaft 138, a rotor 142, and a
stator 144. The shaft 138 1s rotationally mounted within the
housing assembly 128 via, for example, one or more bearing
assemblies 146 (only one depicted), and 1s coupled to the gear
train 118.

The rotor 142 1s mounted on the shaft 138 and 1s configured
to rotate therewith. The stator 144 i1s non-rotationally
mounted within the housing assembly 128 and at least par-
tially surrounds the rotor 142. In the motor mode, the stator
144 receives electrical power from a non-1illustrated electrical
power source, which causes the rotor 142, and thus the shaft
138, to rotate and supply an output torque. In the generator
mode, the rotor 142 recerves an input torque, via the shaft 138,
and rotates, which induces electrical power 1n the stator 144.
It will thus be appreciated that the motor-generator 132, when
operating 1n the motor mode, may be used to start the gas
turbine engine 102 and, when operating i1n the generator
mode, may be used to supply electrical power.

The lubricant pump 134 1s also disposed within the housing
assembly 128, and includes one or more pump inlets 144, one
or more pump outlets 146, and one or more pump elements
148. In the depicted embodiment, the lubricant pump 134
includes two pump inlets 144 (e.g., 144-1, 144-2), two pump
outlets (e.g.,146-1, 146-2), and two pump elements 148 (e.g.,
148-1, 148-2), with each pump element 148 including a pump
clement inlet and a pump element outlet. It will be appreci-
ated that this number of inlets, outlets, and pump elements 1s
merely exemplary, and that the lubricant pump 134 could be
implemented with more or less than this number of inlets,
outlets, and pump elements. It will additionally be appreci-
ated that the lubricant pump may be implemented using any
one of numerous types of suitable pumps. In the depicted
embodiment, the lubricant pump comprises a positive dis-
placement pump.

No matter 1ts specific configuration and implementation,
the lubricant pump 134 1s coupled to the motor-generator 132,
and more specifically to the rotor 142, via the shait 138. The
lubricant pump 134 1s configured, upon rotation of the rotor
142, to draw lubricant ito the one or more pump 1nlets 144
and discharge lubricant out of the one or more pump outlets
146. It 1s noted that the lubricant that 1s supplied to the
lubricant inlet port 136 1s supplied to at least the one or more
bearing assemblies 146 and to at least the stator 144. The
lubricant, as may be appreciated, 1s used to lubricate the one
or more bearing assemblies 146, and to cool the stator 144.
Thus, the lubricant pump 134 1s used to scavenge the lubricant
that 1s supplied to these lubricant loads, and return the scav-
enged lubricant to the one or more non-illustrated lubricant
sources.
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The scavenged lubricant that 1s discharged from the lubri-
cant pump 134 may include various types of debris. Thus, the
scavenged lubricant 1s preferably filtered before 1t 1s returned
to the one or more non-illustrated lubricant sources. In the
depicted embodiment, a filter housing 152 1s coupled to the
housing assembly 128 and includes a filter inlet 154, a filter
outlet 156, and a replaceable lubricant filter 158. The filter
inlet 154 1s 1n fluid commumnication with the one or more
pump outlets 146 to receiwve the scavenged lubricant dis-
charged from the lubricant pump 134, and the filter outlet 156
1s 1 fluid communication with the one or more lubricant
sources. The lubricant filter 158 1s disposed within the filter
housing 152 between the filter inlet 154 and the filter outlet
156 and filters the lubricant supplied to the filter inlet 154. In
the depicted embodiment, the filter housing 152 1s coupled to
the housing assembly 128 via a {ilter interface that 1s cast as
part of the housing assembly 128.

While at least one exemplary embodiment has been pre-
sented 1n the foregoing detailed description of the mvention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled 1n the art with a conve-
nient road map for implementing an exemplary embodiment
of the invention. It being understood that various changes
may be made 1n the function and arrangement of elements
described 1n an exemplary embodiment without departing
from the scope of the mvention as set forth 1n the appended
claims.

What 1s claimed 1s:

1. A system, comprising:

a gas turbine engine imncluding a rotationally mounted drive

shatt; and

a starter-generator coupled to the gas turbine engine, the

starter-generator comprising:

a housing assembly coupled to the gas turbine engine
and including a lubricant inlet port for recerving a
flow of lubricant;

a motor-generator disposed within the housing assembly
and configured to be supplied with at least a portion of
the lubricant supplied to the lubricant inlet port, the
motor-generator coupled to the drive shait and com-
prising a shaft, a rotor, and a stator, the shaft rotation-
ally mounted 1n the housing and coupled to the drive
shaft, the rotor mounted on the shait and configured to
rotate therewith, the stator non-rotationally mounted
within the housing assembly and at least partially
surrounding the rotor, the motor-generator further
configured to selectively operate in either a motor
mode, 1 which the motor-generator generates and
supplies an output torque to the drive shait in response
to being electrically energized, and a generator mode,
in which the motor-generator recetves an input torque
from the drive shaft and generates electrical power;

one or more bearing assemblies disposed within the
housing assembly and rotationally mounting the shaft
therein; and

a lubricant pump disposed within the housing assembly
for scavenging at least a portion of the lubricant sup-
plied to the lubricant inlet port and including a plural-
ity of pump inlets and a plurality of pump outlets, the
lubricant pump directly connected to and driven by
the shait of the motor-generator and configured, upon
rotation of the shaft of the motor-generator, to draw at
least a portion of the lubricant supplied to the lubri-
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6

cant inlet port into the a plurality of pump inlets and
discharge scavenged lubricant out of the a plurality of
pump outlets,

wherein the lubricant supplied to the lubricant inlet port
1s supplied to at least (1) the one or more bearing
assemblies for lubrication thereof and (11) the stator

for cooling thereof.
2. The system of claim 1, further comprising: a filter inter-
face cast as part of the housing assembly; and a filter housing

coupled to the housing assembly via the filter interface and
including a filter inlet and a filter outlet, the filter inlet 1n fluid
communication with the plurality of pump outlets to recerve
lubricant discharged therefrom.

3. The system of claim 2, further comprising:

a lubricant filter disposed within the filter housing between

the filter inlet and the filter outlet.

4. The system of claim 1, wheremn the lubricant pump
comprises a positive displacement pump.

5. The system of claim 1, wherein the lubricant pump
comprises a plurality of pump elements, each pump element
including a pump element inlet and a pump element outlet.

6. The system of claim 1, further comprising;:

a gearbox disposed between, and coupled to, the gas tur-

bine engine and the motor-generator.

7. A system, comprising:

a gas turbine engine including a rotationally mounted drive

shaft;

a starter-generator coupled to the gas turbine engine; and

a gearbox disposed between, and coupled to, the gas tur-

bine engine and the starter-generator, wherein the

starter-generator comprises:

a housing assembly coupled to the gearbox and includ-
ing a lubricant mlet port for receiving a flow of lubri-
cant;

amotor-generator disposed within the housing assembly
and configured to be supplied with at least a portion of
the lubricant supplied to the lubricant inlet port, the
motor-generator coupled to the drive shaft and com-
prising a shatt, a rotor, and a stator, the shait rotation-
ally mounted in the housing and coupled to the drive
shaft, the rotor mounted on the shait and configured to
rotate therewith, the stator non-rotationally mounted
within the housing assembly and at least partially
surrounding the rotor, the motor-generator further
configured to selectively operate in either a motor
mode, 1n which the motor-generator generates and
supplies an output torque to the drive shait in response
to being electrically energized, and a generator mode,
in which the motor-generator recerves an mput torque
from the drive shait and generates electrical power;

a lubricant pump disposed within the housing assembly
for scavenging at least a portion of the lubricant sup-
plied to the lubricant inlet port and including a plural-
ity of pump 1nlets and a plurality of pump outlets, the
lubricant pump directly connected to and driven by
the shatt of the motor-generator and configured, upon
rotation of the shaft of the motor-generator, to draw at
least a portion of the lubricant supplied to the lubri-
cant inlet port into the one or more a plurality of pump
inlets and discharge scavenged lubricant out of the
one or more a plurality of pump outlets;

one or more bearings disposed within the housing
assembly and rotationally mounting the shatt therein;

a filter interface cast as part of the housing assembly; and
a filter housing coupled to the housing assembly via
the filter interface and including a filter 1nlet and a
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filter outlet, the filter inlet 1n fluild communication
with the plurality of pump outlets to receive lubricant
discharged therefrom,
wherein the lubricant supplied to the lubricant inlet port
1s supplied to at least (1) the one or more bearing 3
assemblies for lubrication thereof and (11) the stator
for cooling thereof.
8. The system of claim 7, wherein the lubricant pump
comprises a positive displacement pump.
9. The system of claim 7, wherein the lubricant pump 10
comprises a plurality of pump elements, each pump element
including a pump element inlet and a pump element outlet.
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